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Abstract 
 
             Paediatric surgery account for 34 % of all surgical operations 
done under general anaesthesia (in Soba university hospital). Although 
dextrose 5% is known to cause hyperglycaemia, it is still the main 
intravenous solution used to replace fluid deficit and to maintain fluid 
balance in paediatric general anaesthesia in Sudan. 
            This is an experimental study done in Soba university hospital and 
Khartoum teaching hospital to know the effect of perioperative fasting on 
blood glucose and to assess the magnitude of hyperglycaemia if dextrose 
5% is used as the sole intravenous solution in paediatric anaesthesia.  
             Fifty randomly selected children between the ages of one month 
and five years were studied. The fasting hours were calculated and blood 
glucose was measured by a glucometer at the induction of anaesthesia. 
No child was found to be hypoglycaemic despite a recorded fasting 
period of up to 12 hours. When blood glucose was measured at the end of 
surgery, and after replacing the deficit, maintenance volume and third 
space losses with dextrose 5%, it was found to be significantly elevated. 
The study concluded that: children can tolerate fasting for up to 12 hours 
without significant hypoglycaemia  and replacing the fluid deficit with 
5% dextrose infusion causes statistically significant hyperglycaemia.  
                 The study recommends that, dextrose 5% should be avoided as 
a sole maintenance solution for young children under general anaesthesia 
and its use should be limited for documented hypoglycaemia or to 
children who are subjected to it.  
 
 
 
  
 ﺑﺴﻢ اﷲ اﻟﺮﲪﻦ اﻟﺮﺣﻴﻢ
 ﺔـﺨﺺ اﻷﻃﺮوﺣــﻣﻠ
 
ﻣѧѧﻦ ﺟﻤﻠѧѧﺔ اﻟﻌﻤﻠﻴѧѧﺎت اﻟﺠﺮاﺣﻴѧѧﺔ % 43         اﻟﻌﻤﻠﻴѧѧﺎت اﻟﺠﺮاﺣﻴѧѧﺔ ﻟﻸﻃﻔѧѧﺎل ﺗﻤﺜѧѧﻞ     
ﻋﻠѧﻰ اﻟѧﺮﻏﻢ ﻣѧﻦ أﻧѧﻪ ﻗѧﺪ ﺛﺒѧﺖ أن (.ﻓﻰ ﻣﺴﺘﺸﻔﻰ ﺳѧﻮﺑﺎ اﻟﺠѧﺎﻣﻌﻰ )ﺗﺤﺖ اﻟﺒﻨﺞ اﻟﻌﻤﻮﻣﻰ 
ﻳﺴﺒﺐ ارﺗﻔﺎﻋﺎ ﻓﻰ ﺳﻜﺮ اﻟﺪم أﺛﻨﺎء اﻟﻌﻤﻠﻴﺎت اﻟﺠﺮاﺣﻴﺔ اﻻ أﻧѧﻪ ﻻ % 5ﻣﺤﻠﻮل اﻟﺠﻠﻜﻮز 
 اﻟﺴﻮاﺋﻞ ﻓﻰ ﻋﻤﻠﻴﺎت ﺟﺮاﺣѧﺔ اﻷﻃﻔѧﺎل ﻳﺰال هﻮ اﻟﻤﺤﻠﻮل اﻷﺳﺎﺳﻰ اﻟﻤﺴﺘﻌﻤﻞ ﻟﺘﻌﻮﻳﺾ 
  .ﻓﻰ اﻟﺴﻮدان
 اﻟﺘﺠﺮﻳﺒﻴѧѧﺔ ﻓѧѧﻰ ﻣﺴﺘѧѧﺸﻔﻰ ﺳѧѧﻮﺑﺎ اﻟﺠѧѧﺎﻣﻌﻰ و ﻣﺴﺘѧѧﺸﻔﻰ أﺟﺮﻳѧѧﺖ هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ       
ﻋﻠѧﻰ ﺗﺤﺖ اﻟﺒﻨﺞ اﻟﻌѧﺎم  اﻟﺼﻴﺎم ﻗﺒﻞ اﻟﻌﻤﻠﻴﺎت اﻟﺠﺮاﺣﻴﺔ  ﻟﻤﻌﺮﻓﺔ أﺛﺮ اﻟﺨﺮﻃﻮم اﻟﺘﻌﻠﻴﻤﻰ 
ﺪ أﺛﻨѧѧﺎء ﺗﺮآﻴѧѧﺰ اﻟѧѧﺴﻜﺮ ﻓѧѧﻰ اﻟѧѧﺪم ﺑﺎﻟﻨѧѧﺴﺒﺔ ﻟﻸﻃﻔѧѧﺎل و أﺛѧѧﺮ ﺗﻌѧѧﻮﻳﺾ ﻓﺎﻗѧѧﺪ اﻟѧѧﺼﻴﺎم واﻟﻔﺎﻗѧѧ 
ﺗѧﻢ اﺧﺘﻴѧﺎر . ﻋﻠѧﻲ ﺗﺮآﻴѧﺰ اﻟѧﺴﻜﺮ ﻓѧﻲ اﻟѧﺪم %  5ﻤﺤﻠﻮل اﻟﺠﻠﻜﻮز ذو اﻟﺘﺮآﻴﺰ اﻟﺠﺮاﺣﺔ ﺑ 
ﻋﻨѧﺪ ﻗﻴѧﺎس ﺗﺮآﻴѧﺰ . ﻟﻠﺪراﺳﺔ ﺑﻴﻦ ﻋﻤﺮ ﺷﻬﺮ و ﺧﻤﺲ ﺳѧﻨﻮات ﻋﺸﻮاﺋﻴﺎ ﺧﻤﺴﻴﻦ ﻃﻔﻼ 
 ﻗﺒѧѧﻞ ﺑﺪاﻳѧѧﺔ اﻟﻌﻤﻠﻴѧѧﺔ، ﻟѧѧﻢ ﻳﻜѧѧﻦ اﻟѧѧﺴﻜﺮ  ﺑﻮاﺳѧѧﻄﺔ ﺟﻬѧѧﺎز اﻟﺠﻠﻮآѧѧﻮﻣﻴﺘﺮ اﻟѧѧﺴﻜﺮ ﻓѧѧﻰ اﻟѧѧﺪم 
 ﻟﺪي أي ﻣﻦ اﻷﻃﻔѧﺎل رﻏѧﻢ ﺗѧﺴﺠﻴﻞ ﺳѧﺎﻋﺎت ﻣѧﻦ اﻟѧﺼﻴﺎم ﻰﻣﻨﺤﻔﻀﺎ ﻋﻦ اﻟﻤﻌﺪل اﻟﻄﺒﻴﻌ 
و و ﺑﻌﺪ ﺣﺴﺎب آﻤﻴﺔ اﻟﺴﻮاﺋﻞ اﻟﻼزﻣﺔ ﻟﻤﻘﺎﺑﻠﺔ ﻓﺎﻗﺪ اﻟѧﺼﻴﺎم .  ﻋﺸﺮة ﺳﺎﻋﺔ ﻰﺑﻠﻐﺖ اﺛﻨﺘ 
ارﺗﻔѧﻊ % 5 زاﻟﺠﻠﻮآѧﻮ  أﺛﻨﺎء اﻟﻌﻤﻠﻴﺔ واﻟﻔﺎﻗﺪ ﻓﻲ اﻷﻧﺴﺠﺔ و ﺗﻌﻮﻳﻀﻪ ﺑﻤﺤﻠﻮل ﻮﺟﺔاﻟﺤ
  .  ﻣﻌﺘﺒﺮا ﺣﺼﺎﺋﻴﺎإﺗﺮآﻴﺰ اﻟﺴﻜﺮ ﻓﻰ اﻟﺪم ﺑﻨﻬﺎﻳﺔ اﻟﻌﻤﻠﻴﺔ ﻋﻨﺪ ﺟﻤﻴﻊ اﻷﻃﻔﺎل ارﺗﻔﺎﻋﺎ 
ﻟﻬѧﻢ ﻣﻘѧﺪرة ( ﻓѧﻲ ﻋﻤѧﺮ اﻟﺪراﺳѧﺔ )  إﻟѧﻲ أن اﻷﻃﻔѧﺎل ،و ﻗѧﺪ ﺧﻠѧﺼﺖ اﻟﺪراﺳѧﺔ            
 ﻋѧﺸﺮة ﺳѧﺎﻋﺔ، دون ﺣѧﺪوث اﻧﺨﻔѧﺎض ﻰﻋﻠﻲ ﺗﺤﻤﻞ ﺳﺎﻋﺎت ﻣﻦ اﻟﺼﻴﺎم ﺗﺼﻞ اﻟﻲ اﺛﻨﺘ 
وأن ﺗﻌѧﻮﻳﺾ اﻟﻔﺎﻗѧﺪ ﻣѧﻦ اﻟѧﺴﻮاﺋﻞ  . ﻰ اﻟﻄﺒﻴﻌѧ   ﻓﻲ ﺗﺮآﻴﺰ اﻟﺴﻜﺮ ﻓѧﻲ اﻟѧﺪم ﻋѧﻦ اﻟﻤﻌѧﺪل 
  . ارﺗﻔﺎﻋﺎ ﻣﻠﺤﻮﻇﺎ ﻓﻲ ﺗﺮآﻴﺰ اﻟﺴﻜﺮ ﻓﻲ اﻟﺪم، ﻳﺴﺒﺐ % 5ﺑﻤﺤﻠﻮل اﻟﺠﻠﻜﻮز 
ﻟﻸﻃﻔѧﺎل أﺛﻨѧﺎء %  5وأوﺻѧﺖ اﻟﺪراﺳѧﺔ، ﺑﺘﺠﻨѧﺐ اﺳѧﺘﻌﻤﺎل ﻣﺤﻠѧﻮل اﻟﺠﻠﻜѧﻮز            
، و اﻗﺘѧﺼﺎر اﺳѧﺘﻌﻤﺎﻟﻪ ﻟﻠﺤѧﺎﻻت اﻟﺘѧﻲ ﺛﺒѧﺖ ﻓﻴﻬѧﺎ اﻧﺨﻔѧﺎض ﺗﺮآﻴѧﺰ  اﻟﻌﻤﻠﻴѧﺎت اﻟﺠﺮاﺣﻴѧﺔ
  .ﺒﻴﻌﻲ أو اﻟﺤﺎﻻت اﻟﻤﻌﺮﺿﺔ ﻟﺬﻟﻚ اﻟﺴﻜﺮ ﻓﻲ اﻟﺪم ﻋﻦ اﻟﻤﻌﺪل اﻟﻄ
 
  
 
 
 
 
Chapter 1  
Introduction and literature review 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction: 
              Paediatric surgery, accounts for 34% of all surgical 
operations done under general anaesthesia in Soba university 
hospital. 70% of which, lie within the age group five years and 
less (1). Dextrose 5% is the main intravenous fluid used for fluid 
replacement in children in Soba University Hospital and other 
hospitals, probably due to shortage of other balanced intravenous 
solutions. Moreover, most of children were exposed to relatively 
prolonged periods of fasting before surgery. The need for 
intravenous (i.v.) infusion and water could be established. The 
need for sodium was also evident and use of normonatraemic i.v. 
solutions should be recommended to avoid hyponatraemia. Little 
data was found about the value of the other electrolytes. Dextrose 
requirements have been the subject of debate for the last two 
decades. The choice of dextrose concentration is a compromise 
between avoiding hypoglycaemia and hyperglycaemia (2). An 
incorrect fluid therapy can lead to serious complications 
considerably more rapid in children, especially in newborn and 
infants, than in adult. The paediatric patient has a limited range of 
compensation for maintenance of fluids and electrolyte balance. 
Precise knowledge of the physiological age dependant fluid 
balance, i.e. the large extracellular space, the developing renal 
function, the increased metabolism, the acid-base status, the 
electrolyte balance with the relatively higher sodium and chloride 
requirements must be the basis of an adequate fluid therapy. The 
basic fluid and electrolyte requirement varies with age and is 
influenced considerably by environmental conditions, body 
temperature and metabolism. The perioperative fluid 
requirements, however, has to be calculated with due 
consideration for characteristic changes in fluid and electrolyte 
balance during anaesthesia and surgery. The fluid requirement is 
higher than the basic fluid requirement due to many factors 
including: the preoperative fasting period, the drug effect of 
anaesthetics, hormonal changes and ventilation (3). Welborn 
showed that administration of 5% glucose containing solutions 
result in hyperglycaemia in the majority of children (4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Literature review 
 
1. Glucose as energy substrate: 
        Glucose is the most important carbohydrate in the body 
metabolism. The concentration of sugar in the blood is 
approximately 0.1% (100 mg/dl), the amount being   maintained at 
a fairly constant level (80 – 120 mg/dl) through the action of 
insulin. In the tissue, glucose may be converted into glycogen, 
converted into fat, or oxidized to carbon dioxide and water. Free 
glucose is not used in the tissues until phosphorylated by ATP. 
Hormones of the anterior lobe of the hypophysis, the adrenal 
gland (cortex and medulla), thyroid and the gonads play a role in 
carbohydrate metabolism. Nerve tissues are specially dependant 
upon glucose as its source of energy, the brain being able to 
oxidize glucose directly (5). 
 
2. Hypoglycaemia: 
            Hypoglycaemia (blood glucose < 40 mg/dl) is a common 
occurrence in small infants, especially in those who are preterm, 
small for gestational age, or hypoxaemic. Although some authors 
have considered serum glucose of 20mg/dl normal, but this is 
shown to be incorrect (6). Maintenance of the plasma glucose 
concentration within narrow limits is essential for health. 
Hypoglycaemia is dangerous (in the short run more serious than 
hyperglycaemia) because glucose is the primary energy substrate 
of the brain. Its absence like that of oxygen produces deranged 
function, tissue damage, or even death if the deficit is prolonged. 
The vulnerability of the brain to hypoglycaemia is due to the fact 
that it cannot utilize circulating free fatty acid as an energy source 
in contrast to other tissues of the body. Short-chain metabolites of 
the free fatty acids, acetoacetic and betahydroxybutyric acid 
(ketone bodies, ketoacids) are efficiently oxidized by the brain and 
can protect the central nervous system from damage by 
hypoglycaemia when present in moderate concentration in plasma. 
However, development of ketoses requires a number of hours in 
human. Ketogenesis is not therefore, an effective protective 
mechanism against acute hypoglycaemia. Preservation of central 
nervous system function in the early phases of fasting or   during 
hypoglycaemia thus requires a prompt increase in the production 
of glucose by the liver. At the same time glucose utilization in 
other tissues is diminished by provision of free fatty acids as 
alternative substrate. These adaptive mechanisms are hormonally 
controlled and, under ordinary circumstances, are extremely 
effective. Occasionally, however, the system breaks down or is 
overwhelmed, resulting in the clinical syndrome hypoglycaemia 
(7). Neonates have low glycogen stores that predispose them to 
hypoglycaemia. Impaired glucose excretion by the kidneys may 
partially offset this tendency. Neonates at great risk for 
hypoglycaemia are those who are small for gestational age, those 
who have been receiving hyperalimentation, and those born to 
diabetic mothers (8).  
3. Preoperative fasting: 
          Fasting often for many hours, is recommended to ensure 
that patients undergoing, elective surgery have a minimal amount 
of gastric fluid when anaesthesia in induced .The incidence of 
Mendelson syndrome in children is approximately 1 in 10.000, 
with a somewhat, higher incidence in infants. Solid foods remain 
in the stomach for long periods of time, and most children 
undergoing elective surgical procedures are fasted overnight. 
Prolonged periods of fasting do predispose infants to irritability 
and thirst, which can increase gastric fluid volume and decrease 
gastric fluid pH. This reaction increases the probability that acidic 
gastric contents may be aspirated (9). Morbidity and mortality 
caused by aspiration of gastric contents are extremely rare in 
children undergoing elective surgery. What is becoming 
increasingly clear is that prolonged periods of starvation in 
children, especially the very young infant, are harmful. Those 
children who have a rapid turnover of fluids and a high metabolic 
rate are at risk of developing hypoglycaemia and hypovolaemia. A 
research has shown that children allowed unrestricted clear fluids 
up to 2 h before elective surgery have a gastric residual volume 
equal to or less than that of children who have been fasted 
overnight (10). The essential message is that children should, 
rather than could, be given clear fluids up to 2 h before induction. 
Solids (including breast and formula milk) should not be given for 
at least 4 h before the anticipated start of induction. In the 
emergency setting, e.g. the child who has sustained trauma shortly 
after ingesting food, it is probably best (if possible) to wait 4 h 
before inducing Anaesthesia. Clearly in this situation risk-benefit 
judgments have to be made. If it is surgically possible to wait 4h 
an i.v. infusion of a glucose-containing solution must be 
commenced and necessary, appropriate fluid resuscitation 
undertaken (10). A study done by Maekawa in Japan concluded 
that; the pH and gastric volume are not significantly different 
between fasting of 2, 4, and 12 hours with respect to a pH of less 
than 2.5 and a volume of more than 0.4 ml/kg (critical values 
beyond which aspiration is considered dangerous)  (11). Fasting 
periods should be no longer than 12 hours, and intravenous 
restitution should be started immediately if this period is extended 
further (12). Preoperative fasting is the main cause of 
perioperative hypoglycaemia, although intraoperative 
hypoglycaemia even after prolonged fasting, is exceedingly rare in 
children; glucose-free balanced salt solutions are usually preferred 
in the operating room. The brain, heart, and intestines may suffer 
greater damage during ischemic events when glucose infusions are 
used. The current trend of avoiding glucose-containing i.v. 
solutions in the operating room particularly, during the first 2 days 
of life requires closer monitoring of blood glucose levels, (13). 
Patients given water had less gastric fluid and a higher gastric 
fluid pH than those who received no fluids preoperatively. Sips of 
clear liquids stimulate peristalsis but do not stimulate gastric acid 
secretion if no protein is given. Clear liquids dilute gastric acid 
and the resulting solution passes into the duodenum, usually 
within a few minutes. Large volumes of saline or even tea and 
toast are not present in the stomach of adults 2 hours after their 
ingestion. Children given clear liquids (e.g., water, apple juice, or 
crystalloid containing solutions) 2 hours before induction of 
anaesthesia have decreased thirst, gastric volume and hunger 
compared with a group of children fasted overnight. Gastric pH 
was the same in both groups. This is not surprising, as gastric 
emptying for liquid takes minutes not hours. Maximal emptying 
time for solids probably correlates with the onset of thirst and 
hunger. The usual time between infant feedings is the most 
rational measurement of gastric emptying time and oral calorie 
deprivation (9). Preoperative blood-glucose concentrations were 
not influenced by the age or weight of the child, or the duration of 
starvation (if not more than 12 hours) (14). 
 
4. The stress response to surgery:  
             Surgery or trauma consistently elicits a neuroendocrine 
and cytokine response in proportion to the extent of injury or 
metabolic insult. Therefore minor surgery on a limb has a 
negligible stress response in contrast to major surgery such as a 
laparotomy or thoracotomy. There is an initial "ebb" or shock 
phase, followed by a "flow" or hyperdynamic phase. In surgery, 
the flow phase is the stress response. There are two principal 
components to the stress response to surgery: the neuroendocrine 
response and the cytokine response. The neuroendocrine response 
is stimulated initially by painful afferent neural stimuli reaching 
the CNS. It may be diminished and sometimes eliminated 
altogether by dense neural blockade from a regional anaesthetic. 
The cytokine component of the stress response on the other hand, 
is stimulated by local tissue damage at the site of the surgery itself 
and is independent of neural blockade. It is diminished by 
minimally invasive surgery, especially laparoscopic techniques. 
Until the 1970s, the stress response was thought to be an adaptive 
homeostatic response to a physiological insult enhancing 
resistance to stress. However, there is growing evidence that the 
stress response is actually detrimental and is associated with 
postoperative morbidity. It has adverse effects on several key 
physiological systems including the cardiovascular, respiratory 
and gastroenterological systems. Immediately after surgical 
incision under general anaesthesia, there is a marked increase in 
serum cortisol concentration. It continues to increase after surgery, 
peaking 6-12 hours later, but remains elevated for up to 3 days 
afterwards. These changes are typical of those occurring after 
major surgery (15).        
 
                                 
4.1 The stress response and protein catabolism: 
             Major surgery results in a net excretion of nitrogen-
containing compounds referred to as negative nitrogen balance, 
reflecting catabolism of protein into amino acids for 
gluconeogenesis. This is partly because of perioperative 
starvation, but mainly because of the stress response, which causes 
decreased total protein synthesis in addition to protein breakdown. 
Peripheral skeletal muscle is predominantly affected, but visceral 
protein may also be catabolized. Catecholamines, cortisol 
glucagon and interleukins (IL-1 and IL-6) are all involved in 
proteolysis and gluconeogenesis. Protein catabolism contributes to 
weight loss, impaired wound healing and may delay overall 
postoperative recovery. Up to 0.5 kg /day of lean muscle mass 
may be lost postoperatively because of this aspect of the stress 
response (15). 
 4.2 The stress response and carbohydrate metabolism: 
               Hyperglycaemia and insulin intolerance are the major 
features of the stress response and may persist for several days 
postoperatively. They result from increased blood concentrations 
of catecholamines, cortisol and glucagon and also from 
sympathetic nervous system stimulation (by further increasing 
catecholamine release from the adrenal medulla). These hormones 
also inhibit insulin and therefore glucose uptake into muscle, fat 
and liver .Moreover, there is decreased sensitivity of muscle and 
liver to circulating insulin during the stress response. Blood 
glucose concentrations may increase by about 10 mmol per litre, 
leading to glycosuria and osmotic diuresis (15). 
4.3 The stress response and fat metabolism:                                                        
              The net effect of the hormonal alterations is lipolysis, 
stimulated by catecholamines acting at β1 adrenoreceptors with 
resultant increased concentrations of FFAs in the circulation. 
FFAs may be oxidized in the liver to form ketones (e.g. 
acetoacetate) which may be used as a source of energy by 
peripheral tissues (15).                                                                     
4.4 Effects of the stress response on the cardiovascular system:                        
          The stress response to surgery and postoperative pain 
activate the sympathetic nervous system (SNS), which may 
increase myocardial oxygen demand by increasing heart rate and 
arterial pressure. Activation of the SNS may also cause coronary 
artery vasoconstriction reducing the supply of oxygen to the 
myocardium, which in turn would predispose to myocardial 
ischaemia. This effect may be aggravated by the fact that there is a 
hypercoagulable state postoperatively and the stress response is an 
important factor in causing this. Antidiuretic hormone (ADH), 
increased during the stress response, is known to contribute to 
increased platelet adhesiveness (15).                                                                        
 
 
 
4.5 Effects of the stress response on the respiratory system:                              
             Postoperative pulmonary dysfunction may also result from 
the stress response to major surgery. The most important alteration 
in the respiratory function caused by the stress response is the 
reduction in functional residual capacity (FRC). This is the 
amount of air remaining in the lungs at the end of a normal 
expiration. When FRC is reduced, it may become less than the 
closing capacity, which is the volume of air in the lungs required 
to prevent alveolar collapse. When FRC is less than closing 
capacity, airway closures occurs with resultant ventilation-
perfusion mismatch, shunting of blood and hypoxaemia (15).                               
4.6 Effects of the stress response on the gastrointestinal 
system:  
            The stress response to surgery stimulates both afferent 
nociceptive input and efferent SNS output resulting in ileus and 
excessive SNS stimulation relative to parasympathetic nervous 
system (PNS) stimulation. Postoperative ileus is a temporary 
impairment of gastrointestinal motility after major surgery. It 
delays resumption of an enteral diet, which in itself prolongs the 
stress response to surgery (15). 
4.7 Effects of the stress response on the immune system:  
                 Many mediators of the stress response, (cortisol, 
interleukins, prostaglandin etc.) are cellular and hormonal 
immunosuppressors.  It is not known if stress response-mediated 
immunosuppression, which occurs for several days after surgery, 
influences patient outcome (15).                
4.8 Effects of general anaesthesia on the stress response:                                   
              Intravenous and inhalation anaesthetic agents have no 
appreciable effect on either the neuroendocrine or the cytokine 
elements of the stress response, irrespective of dose. However, 
high-dose opioid analgesia (e.g. morphine 4 mg /kg or fentanyl 50-
100 µg/kg) may completely inhibit the neuroendocrine element. If 
the opioid is given after the surgical incision, it does not prevent 
the emergence of the stress response. These high doses of opioids 
are impractical for most operations (15).                                                                  
4.9 Effect of regional anaesthesia on the stress response:                                   
 4.9.1 Neuroendocrine element:  
                While only very high-dose opioid-based general 
anaesthesia completely inhibits the stress response to upper 
abdominal surgery, epidural anaesthesia commenced before the 
surgical incision and continued postoperatively can significantly 
reduce it. Epidural anaesthesia and analgesia for lower limb or 
pelvic surgery completely suppresses the response. Administration 
of local anaesthetic drugs into the epidural space is more effective 
than administration of opioids alone. 
 4.9.2 Cytokine element: 
              The systemic release of cytokines in response to local 
tissue damage is not influenced by anaesthetic technique, 
including epidural anaesthesia and analgesia. However, the 
cytokine element of the stress response is reduced by limiting the 
extent of the surgical incision in particular, by use of laparoscopic 
techniques (15).                    
 
5. The use of dextrose infusion in paediatric surgery:  
                 Dextrose 5% is a hypotonic solution with an osmolality 
of 278 mosm/l (23). It contains about 50 gram of glucose per litre, 
provides about 170 Cal/l, and contains no electrolytes (16). 
Dextrose 5% is used to counteract against intraoperalive 
hypoglycaemia which is exceedingly rare in children (13). A 
suitable perioperative fluid therapy during paediatric anaesthesia 
presupposes evaluation of renal function, and the preoperative 
fluid and electrolyte imbalance, a precise knowledge of fluid 
requirements and the physiological stress responses to surgery in 
different paediatric groups. Fluid administration must be suited to 
the pathology of the patients and surgical approach. It must 
replace the deficits from the preoperative status (including 
fasting), provide maintenance fluid and correct intraoperative 
translocated fluids and blood loss. Fluid management requires 
reduced hypotonic solution in order to prevent hyponatraemia and 
avoid excessive amount of glucose which can be harmful (17). 
Attempts should be made to maintain the infant's blood glucose 
between 45 and 90mg/dl by infusing the daily fluid requirements, 
including the glucose requirements of 5 to 7 mg/kg/min and 
piggybacking other fluids and blood into this line or giving them 
through a separate IV line. However, even this amount of glucose 
may increase the blood glucose to unacceptable concentrations. 
Glucose should only be administered during surgery to normal 
infants and child if their blood glucose concentration is low, 
because of the concern about the adverse effects of 
hyperglycaemia on the ischemic brain. If the procedure lasts more 
than I hour, measure the blood glucose concentration. Glucose 
should be added to the IV fluid only if the glucose concentration is 
below normal for age. Glucose is given to neonates and to sick 
infants and the glucose concentration is measured intermittently to 
determine if more or less glucose is needed (16). Cerebral oedema 
during diabetic ketoacidosis (DKA) has been attributed to osmotic 
cellular swelling during treatment. Cerebral water distribution and 
cerebral perfusion during DKA treatment in children were 
evaluated by Glaser et al, and the results during DKA treatment 
suggest a vasogenic process as the predominant mechanism of 
oedema formation rather than osmotic cellular swelling (18). A 
controversial study about brain swelling after treatment of DKA 
concluded that the cause is a rapid reduction of plasma glucose 
and osmolality, and not sodium movement into the brain. Acidosis 
did not appear to play a major role in the pathogenesis of cerebral 
oedema after treatment of DKA (19). 
 
 
6. Effects of administration of 5% dextrose:  
              Dextrose %5 if administered intraoperatively can lead to 
hyperglycaemia, water intoxication, osmotic diuresis, cellular 
oedema, accumulation of toxic metabolites and dilutional 
hyponatraemia. Maintained or increased blood glucose 
concentrations are usually seen during paediatric anaesthesia and 
surgery even without glucose administration (20). During surgery, 
increases in blood-glucose concentration were found even in those 
children receiving a glucose-free fluid regimen (11). After 
infusion of a solution of glucose 5%, the glucose enters cells and 
is metabolized. The infused water enters both ICF and ECF in 
proportion to their initial volumes (21). Water without sodium 
expands the TBW. For intraoperative fluid therapy infusions with 
an increased sodium concentration (70-100 mmol/l) or Ringer's 
lactate (Na+ = 130 mmol/l) must be used. On no account must 
electrolyte-free solutions, e.g., 5-10% glucose, be used 
intraoperatively, as they can lead to water intoxication (22). 
Administration of glucose is of little if any benefit in reversing 
trauma-induced catabolism. In addition to its lack of effect on 
nitrogen metabolism, exogenous glucose exaggerates the 
hyperglycaemia often present in   traumatized individuals. 
Hyperglycaemia, although tolerated in adults, may cause a 
hyperosmolar state in small children and infants that is poorly 
tolerated, particularly when there are other metabolic 
derangements (16). Administering 5% glucose solutions as the 
sole source of fluid, even to children who have been NPO for 
many hours, produces hyperglycaemia. Hyperglycaemia may be 
as injurious as hypoglycaemia if there is a period of cerebral 
hypoperfusion. Hyperglycaemia also produces an osmotic diuresis 
that can cause severe dehydration in some children (23). Excess 
water, on the other hand, dilutes the extravascular compartment, 
and isotonic shifts of fluid and electrolytes cause cells to absorb 
water. The resultant cellular oedema compromises transcellular 
inflow of nutrients and outflow of cell wastes. The reduction of 
nutrients decreases cell function and retards healing and growth. 
The reduced outflow of waste products causes gradual poisoning. 
These toxic wastes, coupled with the lack of energy substrate, 
decrease the activity of the sodium-potassium adenosine 
triphosphatase-dependent pumps, and this prevents the cells from 
maintaining normal electrolyte gradients between the cellular and 
extracellular compartments. Tissues retain excess water 
postoperatively in response to increased vasopressin secretion. For 
minor operations, the use of postoperative fluids is being actively 
debated. Paediatric outpatients may actually have increased nausea 
and vomiting after forced oral intake particularly when insufficient 
parenteral fluids have been infused. In some patients, blood 
volume contraction and hypotonic fluid intake cause an increase 
of several litres in the extracellular fluid. The increase in 
intracellular sodium concentration is associated with a decrease in 
serum sodium concentration. A study in a previously healthy 
women had shown that when free-water-containing solutions (like 
5% dextrose) were used to replace the perioperative fluid losses 
sodium concentration fell from 138mEq/L to 108mEq/L. This 
decrease was associated with seizures, respiratory arrest, and 
permanent brain damage or death in 15 women, possibly because 
of a demyelination syndrome. Rapid correction of hyponatremia is 
imperative. Although some investigators postulate that increased 
pontine demyelination may occur with too rapid correction of 
hyponatremia. It is tempting to provide free water to children, but 
these findings in adults are a harsh reminder that giving free-
water-containing solutions to patients may precipitously lower 
their serum sodium concentrations. This seems to be especially 
significant during the postoperative period, when vasopressin 
levels are increased (9). If large quantities of osmotically active 
substances (such as glucose and mannitol) were given, they can 
cause hyponatraemia but not hypotonicity. This condition is 
known as translocation hyponatraemia. In such state water is 
drawn out of the cells to the extracellular space diluting plasma 
solutes and equilibrating osmolar differences. Serum sodium 
decreases by approximately 1.6-1.8 mEq/l for every increase of 
100 mg/dl over normal glucose levels. In this setting the serum 
sodium should not be interpreted without knowing serum glucose, 
and the appropriate correction should be made if the glucose 
exceeds 200 mg/dl (24). The postoperative patient differs from the 
normal patient in that the stress reaction modifies homeostatic 
mechanisms; stress induced release of ADH, aldosterone, and 
cortisol causes retention of sodium and water and increased renal 
excretion of potassium. However, restriction of fluid and sodium 
in the postoperative period is inappropriate because of increased 
losses by evaporation and into the third space. This syndrome of 
inappropriate secretion of ADH may persist for several days in 
elderly patients who are at risk of symptomatic hyponatraemia if 
given hypotonic fluid in the postoperative days. Elderly patient 
taking long term thiazide diuretics are especially at risk if given 
5% dextrose postoperatively. Such patients can develop water 
intoxication and permanent brain damage as a result of relatively 
modest reduction of serum sodium (25). 
 
7. Alternative I.V solutions in Paediatric anaesthesia: 
            Four clinical trials assessing the use of Ringer-lactate 
solution with 0.9 or 1% dextrose in paediatric patients suggest that 
it is appropriate for routine infusion in paediatric patients during 
the perioperative period (26). Some authors recommend using 
fluids containing 1% or 2.5% glucose. Others still use 5% glucose 
solution for maintenance, but recommend non glucose-containing 
solutions for third space or blood loss. In major operations it is 
prudent to check serial glucose level to avoid hyper- or hypo 
glycaemia (27). Lim SK, and Loh SP, evaluated the use of 
Ringer's lactate alone and Ringer's lactate with 5% dextrose in 100 
children under general anaesthesia. Lactated Ringer's with 5% 
dextrose causes significant hyperglycaemia.  They concluded that 
Lactated Ringer's alone is a safe and appropriate fluid for 
intraoperative fluid therapy in paediatric anaesthesia (28). 
 
8. Effects of age, weight, and preoperative starvation 
on blood glucose:  
           Preoperative blood glucose concentrations were not 
influenced by the age or weight of the child, or the duration of 
starvation (29). 
 
9. Effects of anaesthetic drugs on blood glucose: 
       Some anaesthetics (halothane, thiopental and ketamine) 
increase the blood glucose concentration in young patients and 
cause hyperglycaemia. Therefore, it is necessary to measure the 
patient's blood glucose concentration to be sure that it is adequate 
(6). Another study done by Crable concluded that                        
halothane anaesthesia alone does not affect blood sugar levels but 
relaxant anaesthesia causes significant rise of blood glucose 
concentrations (29). 
  
 
10. Glucose infusion in paediatric cardiac surgery: 
              Glucose withdrawal during paediatric cardiac surgery 
induces threatening hypoglycaemia during the parabypass period, 
and moderate intraoperalive glucose administration (2.5 
mg/kg/min) is not responsible for major hyperglycaemia (30). 
 
11. Glucose infusion in neurosurgery: 
               Using glucose-free solution as fluid maintenance is 
widely advocated during neurosurgery because of concerns about 
hyperglycaemia aggravating cerebral ischaemia. In contrast to 
paediatric patients, intraoperative hypoglycaemia occurred more 
often in adult patients during prolonged neurosurgical procedures 
when glucose-free solution was used for fluid maintenance (31). 
Non-administration of glucose in patients undergoing craniotomy 
eliminates the risk of hyperglycaemia, does not lead to 
perioperative hypoglycaemia and is not affected by perioperative 
corticoid treatment (32). Based on the evidence that 
hyperglycaemia aggravates ischaemic cerebral injury, it has been 
suggested that blood glucose levels should be kept within 200 
mg/dl during intracranial neurosurgery (33). 
 
12. Fluid management in paediatric anaesthesia: 
                Several factors must be considered when determining 
the amount of fluid replacement required during surgery. The first 
factor is the child's fluid deficit upon entering the operating room. 
This deficit is derived from two sources. The first source is that 
the child has been NPO for a number of hours. This deficit is 
quickly calculated by the following: 
  Less than 10 kg (4 ml/kg) times the number of hours of NPO. 
  10-20 kg (40 ml + 2 ml/kg over 10 kg) times the number of hours 
NPO. 
  More than 20 kg   (60ml + 1 ml/kg over 20 kg) times the number 
of hours NPO.                     
           Most children do not awaken in the morning and 
immediately consume their entire fluid deficit. Therefore, their 
fluid deficit should be replaced in the operating room over several 
hours. Fluid deficit also can be the result of pathologic processes 
(e.g. vomiting, diarrhoea) or of iatrogenic causes (e.g., bowel 
preparation). These deficits can often be estimated in terms of 
percent body weight lost (e.g. 5 percent, 10 percent) and replaced 
with isotonic crystalloid over several hours. One recommendation 
is to replace half the deficit over the first hour of the operation and 
one quarter of the deficit over each of the next 2 hours. 
Maintenance fluid also must be provided during surgery. The 
volume of fluid required is calculated in the same manner as 
above. Again, maintenance fluid usually can be replaced with 
isotonic crystalloid. Significant blood loss should be replaced 
during surgery. As long as there is adequate oxygen delivery to 
vital organs, small blood losses are usually replaced with isotonic 
crystalloid solutions. There has been much discussion recently 
about the minimum haematocrit required by patients during 
surgery. Because of fears about the safety of blood, most 
clinicians now accept lower haematocrit to avoid blood 
transfusions. In general, if the haematocrit is or is likely to be less 
than 20% immediately after surgery, it is reasonable to transfuse 
the child. If not, transfusion can be delayed or avoided. 
Transfusion should be discussed with the family prior to surgery 
and with the surgeon before blood or blood products are 
administered. Finally, translocated fluid (i.e., third-space losses) 
should be replaced intraoperatively. This is the fluid lost from 
extravascular and extracellular spaces due to evaporation or as the 
result of tissue trauma. It is difficult to estimate the amount of 
fluid lost, so fluid replacement is often guided by the response to 
therapy. General guidelines are that at least 8 to 10 ml/kg/h are 
necessary to replace third-space losses during major abdominal 
cases. For minor cases, such as hernia repairs, maintenance fluid 
plus 2 to 4 ml/kg/h is adequate. There are intermediate cases, like 
neonatal gastroschisis repair, for which truly extraordinary 
amounts of fluid are required, predominantly to replace third-
space losses. Fluid replacement probably is guided best during 
surgery by arterial blood pressure, central venous pressure, heart 
rate, and base deficit (23). 
 
 
 
 Objectives 
 
 
General objective:   
- To know the suitability of dextrose 5% as a sole 
maintenance  solution, and to know the magnitude of 
glycaemia that may  accompany its use in young children 
under general anaesthesia 
 
Specific objective: 
1. To assess the real need for glucose 5% to counteract for the 
preoperative fasting in children within the age group of one 
month and up to five year. 
2. To assess the magnitude of glycaemia if glucose 5% is used 
as a sole maintenance solution during surgery for children 
from one month of age up to five years.   
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Materials and method 
 
 
1-The study plan: 
 • Population: 
           Children more than one month of age, up to five years,  
           ASA class 1 and 2. 
• Study area: :  
       Soba University Hospital and Khartoum Teaching         
           Hospital. 
• Study period  
        February 2004 – October 2004 
• Study design: 
        Experimental study.  
• Inclusion criteria: 
        Any child between the ages of one month and up to five    
         years undergoing general anaesthesia for elective  
              surgery. 
• Exclusion criteria: 
         - Diabetic children. 
         -  Fasting period less than two hours. 
         - Operative period of less than half an hour. 
         - If the child received blood intraoperatively. 
         - Emergency operations. 
         - If the child received i.v. glucose before surgery. 
         - If the child received more or less than the calculated           
            volume.   
• Sample size: fifty children were enrolled in this study. 
  
2- The study materials.  
- Glucometer, of one touch type, is used in the study. The 
glucometer is caliperated to a reference laboratory and it is 
found to have an error of about plus or minus 10 mg / dl.  
- Disposable, sterile lancets, of the type commonly used with 
glucometers. 
- Dextrose 5 % in a graduated bottle with an infusion set 
manufactured to give twenty drops per millilitre.  
- Antiseptic solution for pre-bricking swabbing (alcohol 70 %). 
- Infusion pump, used frequently to help in calculating and 
infusing smaller volumes of fluid. 
- Analysis was done using SPSS computer program and a P-
value of less than 0.05 is considered significant.       
 
 
3- The study procedure: 
- An appropriate child according to criteria, is selected and 
brought to the theatre  
- The preoperative fasting hours are recorded from the last oral 
intake, in the night before surgery.  
- Induction of anaesthesia was done by halothane in a 
concentration of 0.5 % to 4 %. An intravenous canula was 
inserted and i.v. atropine in a dose of 0.01– 0.02 mg / kg of 
body weight was then given.  
- An infusion of dextrose 5% was connected to the canula. 
- The thump of the other hand was swabbed with an antiseptic 
solution (alcohol 70%).  
- A blood sample from the thump, (usually one drop) was 
taken using a sterile disposable lancet. 
- The sample was applied directly to the glucometer, and the 
blood glucose was measured and recorded. 
- The dextrose 5% infusion was then started and the calculated 
volume deficit was given (appendix 3 and 4).The deficit was 
calculated from 7:00 am in the day of surgery, as this is the 
usual time at which most children take their first oral intake.  
- After the end of surgery, and before giving the reversal of 
anaesthesia, another sample was taken in the same way, and 
blood glucose was measured. 
- The data was collected and recorded in a datasheet format. 
(Appendix 1)  
- Anaesthesia was maintained by nitrous oxide and oxygen in 
equal ratio, and a total flow of 6 litres per minute using T-
piece breathing system. The muscle relaxant used was 
pancuronium in a dose of 0.1 mg/kg.  
- A small dose of halothane (0.3 % to 0.5 %) was used for the 
maintenance. 
- Reversal of anaesthesia was done by neostigmine in a dose of 
0.05 mg / kg body weight, preceded by atropine in dose of 
0.01 to 0.02 mg / kg of body weight.     
- Pethidine was used frequently after induction of anaesthesia 
in a dose of 0.3 mg / kg of body weight intravenously to 
supplement analgesia.  
- Smaller volumes of fluid were infused by the aid of an 
infusion pump.  
- For each child the first sample was taken after induction of 
anaesthesia and the second sample before recovery.  
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The Results 
          Fifty children calcified as class 1 and 2 according to the 
classification of the American Society of Anesthesiologist (ASA) 
had been studied. The minimum age was six month and the 
maximum was 5 years (Table 1).  The recorded fasting periods 
ranged from 8-12 hours (mean 10h). 70% of children were 
brought to the theatre distressed and crying (Figure 1). When 
blood glucose was measured at the time of induction, no one was 
found to be hypoglycaemic, (lowest value recorded 64 mg/dl) 
(Table 2). Before administration of glucose 5 %, 82% of them (n = 
41) had normal or slightly raised blood glucose, 16% (n=  8) had 
moderate increase in blood glucose, and 2 % had marked increase 
in blood glucose (Figure 2). By the end of the operation, and after 
administration of dextrose 5% to replace the deficit and 
maintenance volume; blood glucose was measured. The minimum 
value was 127 mg/dl and the maximum was 340 mg/dl (Table 3). 
Blood glucose increased significantly in all children (P = 0.04). 
84% (n = 42) had marked increase in blood glucose (>160 mg/dl), 
and 16% (n = 8) had moderate increase in blood glucose (126-160 
mg/dl) and no one was hypoglycaemic (Figure 3). The weight of 
the child (mean 12.12 kg) (Table 4) had no significant relationship 
to blood glucose level, (P = 0.054).The age of the child (mean 2.8 
years), was not significantly related to the blood glucose (P = 
0.318).The mean blood glucose level of children age  up to three 
years (n = 30) and children more than three years old (n = 20), was 
(98.4 mg/dl and 98.9 mg/dl at induction) ( Table 5), and (154.6 
mg/dl and 144.9 mg/dl at the end of surgery), respectively ( p= 
0.341 ), (Table 6). The p-value for operative time (40-110 min, 
mean 64.78 minutes) equals 0.367. The mean blood glucose after 
less than one hour operative time (n = 24 ) and more than one hour 
operative time(n = 26 ) was 182 mg/dl and 208 mg/dl respectively 
(p = 0.32 ), (Figure 4) .  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (1): Age of children in years  
        
Minimum Maximum Mean Std deviation  
0.5 5 2.8 17.91 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (2) Glucose level (mg/dl) at induction  
 
Minimum Maximum Mean Std deviation  
64 195 113.6 19.3 
 
 
 
 
 
 
 
 
 
  Table (3): Glucose levels (mg/dl) at the end of surgery  
 
Minimum Maximum Mean Std deviation  
127 340 196.02 39.696 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table (4): Weight of children in kg  
                               
Minimum Maximum Mean Std deviation  
6 21 12.12 2.49 
 
 
 
 
 
 
 
 
 
 
Table (5): Age and mean blood glucose at induction 
 
Age Mean blood glucose Percent 
Less than 3 years 98.4 mg/dl 50% 
More than 3 years 98.9 mg/dl 50% 
 
 
 
 
 
 
 
 
 
 
 
 
Table (6): Age and mean blood glucose at the end of 
surgery 
Age Mean blood glucose 
Less than 3 years 154.6 mg/dl 
More than 3 years 144.9 mg/dl 
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Figure (2) Glucose level at induction
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Figure (4) Mean blood glucose and operative time
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Discussion 
 
Blood glucose and preoperative fasting: 
             In this study, a period of prolonged fasting (12 hours) is 
reported. No child is found to be hypoglycaemic (Figure 2). This 
finding support a study done by Maekawa et al, in which a 
conclusion says that preoperative starvation of 12 hours or less 
does not cause hypoglycaemia (11). Previously, children were 
thought to be less tolerable to prolong preoperative starvation (8-
12 hours). But preoperative starvation is well tolerated than the 
originally expected in infants and children. The fasting time before 
anaesthesia can be executed safely even though the operation 
schedule may not be right on time (34). A study done by Redfern 
stated that: pre-operative fasting is well tolerated in healthy pre-
school children, regardless of the timing of surgery (35). 
Intraoperative hypoglycaemia is exceedingly rare in children (13). 
This is probably due to the fact that, children are usually brought 
to the theatre crying and distressed (70 %), (Figure 1). This 
distress may be due to hunger, thirst and absence of 
premedication. This state induces the stress hormones, notably 
adrenaline and cortisol, which ultimately lead to an increase in 
blood glucose. If blood glucose was measured before the child 
upset, e.g. in the ward, probably, lower levels of blood glucose 
may be detected.  
 
Effects of surgery and anaesthesia on perioperative glucose: 
           When blood glucose is measured at the end of surgery, 
Hyperglycaemia is a feature in all children (Figure 3).This 
observation is also seen by Welborn (4), and is supported by 
Redfern study in which he concluded that anaesthesia and surgery 
cause significant increase in blood glucose levels (35). 
Anaesthesia alone is not evaluated in this study, but it is known 
that some anaesthetics (halothane, thiopental and ketamine) 
increase the blood glucose concentration in young patients and 
cause hyperglycaemia (6). Another study done by Crable 
concluded that halothane anaesthesia alone did not affect blood 
sugar levels but relaxant anaesthesia causes significant rise of 
blood glucose concentrations (29). Hyperglycaemia and insulin 
intolerance are major features of the stress response and may 
persist for several days postoperatively. They result from an 
increase in blood concentrations of catecholamines, cortisol and 
glucagon (15). Administration of dextrose 5% exacerbates the 
hyperglycaemia already induced by the stress response. It is not 
surprising to see that by the end of surgery 84% of the studied 
children have marked elevation of the blood glucose 
concentration.  The need for this exogenous load of glucose is 
questionable as the stress response alone is sufficient to maintain 
the blood glucose concentration or to raise it above normal. 
Hyperglycaemia exacerbates ischaemic brain, heart and gut injury, 
especially during hypoperfusion and hypoxic episodes (6). Lim 
and Loh studied Lactated Ringer's as an infusion in paediatric 
surgery and stated that Lactated Ringer's alone is a safe and 
appropriate fluid for intraoperative fluid therapy in children (28).  
Effects of age on blood glucose: 
            There is no significant difference in the postoperative 
mean blood glucose level between children age six month up to 
tree years and children more than three years of age (P > 0.05). 
Children less than three years have slightly higher values than 
those more than three years (154.6 and 144.9 respectively), (Table 
6). The preoperative blood glucose is the same in both age groups 
(Table 5). Nilsson and Larson concluded that preoperative blood-
glucose concentrations were not influenced by the age or weight 
of the child, or the duration of starvation (14).This may be due to 
the fact that the studied children have the same physiology 
concerning their ages (mean age 2.8 years), (Table 1). 
Effect of the duration of surgery on blood glucose: 
           The operative time (mean 64.78 min) has no significant 
effect on blood glucose (P > 0.05). This may be due to the fact that 
most of the operations in this study are minor to moderate, and 
hence of short to moderate duration. The mean blood glucose in 
operation ended more than one hour is slightly higher than in 
operation ended less than one hour, (208.8 and 182.2 
respectively), but is statistically not significant (p > 0.05) (Figure 
4). A study done by Huang YC, comparing blood glucose in 
children and adult during prolong surgery found that 
Intraoperative hypoglycaemia occurs more commonly in adults 
during prolong surgery if glucose-free solution was used (31). 
This may indicates that children can tolerate prolonged surgery 
more than adult.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion:  
         In conclusion, dextrose 5% if used in paediatric surgery, 
causes significant hyperglycaemia which is harmful to the brain, 
heart and gut, particularly during periods of hypoperfusion or 
hypoxia (which may occur unrecognised). 
           The stress response to surgery and anaesthesia causes mild 
to moderate elevation in blood glucose concentration. This makes 
the addition of exogenous glucose to the anaesthetised child is of 
no beneficial value. 
            Healthy children beyond the neonatal period can tolerate a 
period of fasting of up to twelve hours, without evidence of 
hypoglycaemia (owing to blood glucose of less than 40 mg/dl), 
but the need for fluids necessitates shortening of the fasting hours 
as much as possible.  
         The age of the child and the operative period has no 
significant effect on blood glucose. 
 
 
 
 
 
 
 
 
 
Recommendation  
          This study recommends that dextrose 5% should be avoided 
as a sole maintenance solution for children  under general 
anaesthesia because it causes marked hyperglycaemia. Its use 
should be limited to documented hypoglycaemia or to children 
who are subjected to it. Lactated Ringer solution is a safe 
alternative. The preoperative fasting period should be revised and 
shortened, and sips of clear water should, rather than could, be 
allowed up to two hours before the commenced time of induction 
of anaesthesia. Further studies are needed to evaluate other 
intravenous solutions in paediatric anaesthesia.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 
 
 
  Appendix (1): Data sheet   
 
1- No.
2- Name 
3- Age 
4- Weight
5- Last oral intake  
6- The state of the child (crying/calm)
7- Operation
8- Start of surgery 
9- End of surgery
10- Duration of surgery   
11- Fasting volume
12- Maintenance volume
13- Third space losses volume
14- Glucose level at induction
15- Glucose level at recovery
16- Type of anaesthesia
17- Induction of anaesthesia
18- Maintenance of anaesthesia
19- Comments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix (2): Distribution of water as a percentage of 
body weight 
 
Compartment Premature Neonate Infant Adult 
ECF 50 35 30 20 
ICF 30 40 40 40 
Plasma 5 5 5 5 
Total 85 80 75 65 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix (3): Fluid replacement (fasting and maintenance) per 
hour  
 
Child wt volume 
 < 10 kg  4 ml/kg 
10-20 kg 40 ml + 2 ml/kg over 10 kg  
 > 20 kg 60 ml + 1 ml/kg over 20 kg 
 
 
 
 
 
 
 
 
 
 
Appendix (4): Fluid replacement for the third space losses  
 
Type of surgery Volume  
Major abdominal surgery 8 – 10 ml/kg/h 
Minor to moderate surgery Maintenance + 2-4 ml/kg/h 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix (5): Effects of dehydration in the young infant 
Description Mild Moderate Severe 
% of loss 5% 10% 15% 
Clinical sign Dry skin and Mottled cold Shocked, 
mucous 
membrane 
periphery, 
depressed 
fontanel, oliguria 
++ 
Moribund, 
Unresponsive to 
pain  
Replacement 50 ml/kg 100 ml/kg 150 ml/kg 
 
 
 
 
 
 
 
 
 
Appendix (6): Electrolyte contents of commonly used intravenous 
fluids:  
Solution Sodium 
mmol/l 
Chloride 
mmol/l 
Potassium 
mmol/l 
Calcium 
mmol/l 
Bicarbonate 
as lactate 
Osmolality 
mosmol/l 
Saline 
0.9% 
154  154 - - - 308 
Saline 
0.45% 
77 77 - - - 154 
Glucose 
4% + 
saline 
0.18% 
31 31 - - - 284 
Glucose 
5% 
- - - - - 278 
Ringer 
lactate 
131 112 5 4 29 281 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix (7): Compartment expansion from I.V infusion 
of one litre: 
I.V solution ECF ICF Remarks 
Saline 0.9% 1000 0 Na+ remains in 
ECF 
Glucose 5% 333 666 66% of TBW is 
ICF 
Saline 0.45% 666 333 33% of TBW is 
ECF 
  
 
 Appendix (8): Ranges of blood glucose levels  
 
Description Range  
Hypoglycaemia < 40 mg  
Normal to mild increase 40 – 125 mg/dl 
Increased 126 – 160 mg/dl 
Markedly increased > 160 mg/dl 
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